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Tel: 7007 4656742
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JAGROOP KITELA Job Mumber: 3838.2
STATE WATER RESOURCES CONTROIL. BOARD

PO, BOX 100

SACRAMENT(Q, CA 95812-0100 22 Fohruary 2011

RE: Water and nutrient balance for Beach I'ront Park in Crescent City, California

Dear Jagroop,

The purpose of this letter is to explain the detailed analysis of a water and nutrient balance
performed on behalf of the City of Crescent City (City). Stover Engincering prepared this letter and
attached calculations as the final part of the City's application lor coverage under the State Waler
Resources Control Bouard’s (Board) Order No. 2009-0006-DWQ, the General Waste Discharge
Requirements for Landscape Trrigation Uses ol Reeyeled Water (General Permit).

History:

The City of Crescent City plans to irripate Beach Front Park in Crescent City with disinfected
tertiary reeycled water as delined in Title 22 of the California Code of R::guiulifms.] The permitting
authority for reeycled water projects is the State Water Resources Control Board.

e on 18 March 2010, the City applied for coverage under the General Permit. 'This included filing a
notice of intent and a Report on the Production and Use of Reclaimed Water for Crescent City, The
report wenlt Lo the California Department of Public [Tealth, and the Water Board.

e On [l August 2010 there was a conference call between the North Coast Regional Water Quality
Control Board, the Board, the City, and Stover Engineering. As a result of the call the Board sent,
via email, a list of five additional items that would be required in order to consider the General
Permit application complete.

o In a letter dated 1 September 2010, The Calilornia Department of Public Health (CDPIT) provided
a response to the draft Production-and Use of Reclaimed Water Report (PURWR).

o On 3 January 2011 the Board requested items were returned via email and the revised PURWR
was relurned to CDPH for further review.

e On 11 January 2011 the Board asked for additional information regarding three items; Water
Balance, Nutrient Balance, and Hydraulic Loading Rate.

e (On 24 January 2011 the Board provided additional guidance regarding procedures lfor analysis for
these design parameters.

e  (n 3 lcbrmary 2011 Stover Engineenng provided a draft background soil sampling plan for the use
area. To date there has not been a response to the proposed background soil sampling plan.

1. Vor full plans and details of the treatmenl system and proposed use area see the Lngineering Report on PURWR dated
11192010 previously submitted to Calilinnia Departiment of Public Health and the Board.
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Recycled Water System Design:

A Siemens Membrane Biological Reaclor treats and fillers wastewater at the Cresecent City
Facility. Viltrate is discharged to a [ltrate tank. Normally the filtrate Nows [rom this [iliraic tank to a
chlorine contact basin and is ultimately discharged into the Pacific Ocean under and a National Pollution
Discharge Elimination System permit issued by the Regional Water Board. The City has installed reuse
pumps with a capacity to draw up to 1.2 million gallons per day (MGD) from the filtrate tank and pump 1l
through the in-line ultraviolet disinfection system. The disinfected filtrate will then flow through a 12-inch
reuse pipeline Lo the City's irrigation facilitics. 'This plan would put wastewater to beneficial use of the
people of the State and comply with the Board’s Recycled Water Policy and litle 22 of the California
Code of Regulations. The recycled water system does not employ any ponds or storage facilitics for
recycled water. Any time the Cily is not irrigating, the fillered wastewater is discharged through the occan
outfall under a separate NPDES permit issued by the Regional Board.

Design Considerations:

The primary consideration employed in development of irrigation limits for Beach Uront Park is
the concept of using limiting design parameters. Three fundamental parameters were considered as the
basis for desipn limits. First the need for irrigation is shown by comparing rainfall data to crop
evapotranspiration demand; if evapotranspiration demand exceeds precipitation then a limiling parameter
is the waler deficit between the two values. The second parameter considered is a hydraulic loading rate
based on soil permeability; site specific soil percolation rates have the potential to limit the application of
recycled water. The third limiting parameter is nitrogen/nutricnts in the reeycled water and the assimilative
capacity of the natural biological system to remove nitrogen without significant negative impacts on
groundwater; an irrigation limil based on nilrogen concentration in the recycled watet, nifrogen uptake
rates of the grasses in the use area, and residual nitrogen in percolating irrigation water. By comparing the
values of crop demand for water, the soils ability to absorb water, and the nalural syslems nilrogen
assimilalive capacity, proper irrigation limits can be set for Beach Front Park.

Irrigation Parameter:

With more than one hundred years of precipitation data available, the limiting design paramecter of
irrigation based on three precipitation conditions were considered, First is the one hundred year drought
condition expericneed in 1976 when only thivty-three (33) inches of rain [ell. Secondly is the average
rainfall caleulated from the one hundred plus years of data. Lastly the greatest amount ol precipitation in
gny one year was considered; in 1904 Crescent City experienced one hundred-eight (108) inches ol
precipitation. These three conditions were uscd and compared to the crop irrigation requirements.

The crop irrigation requirement was calculated based on Department of Water Resources’
gnidelines titled “Estimating ... Waler Use With CIMIS.” Crop evapotranspiration is determined by taking
the site cvapotranspiration and multiplying it by a crop lactor. For various grasses and ficld conditions a
crop factor of 0.9 to 1 is recommended. For the purposes ol this analysis the conservative factor of (.8 was
selected for all scenarios.
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The attached document is broken down into three scenarios and completely analyzed by month;
see Table 4 in the Drought, Average, and 100-year precipitation scenarios. The results of the three
scenarios are annualized in Table A below. Based on the fuct that the City will not be irrigating year
around, the annual Hydraulic Loading Rate is the summation of calculaled imigation requirements. Note
that only months in which caleculated crop demand exceeded precipitation where included in the
annualized loading rate. The net demand in ‘l'able 4 is reported in (in/year) and must by be multiplied by
the usc arca to develop a total irrigation limit. Plcase sce the attached scenarios for complete caleulations.

Table A: The Limiting Irrigation Design Parameter:

Total Crop Total Precipitation  Annual Hydraulic Loading
Eyvapotranspiration for for monthsincluded  Rate for 30 Acre Use Arca
months included in in calculation of (million Gallons pér yeir)
calculation of loading loading rate
rate {in}
Condition (in)
Drought 1976 183 6.5 9.7
Average 13.1 4.4 7.1
100-year max 1907 1337 3.6 6.6

Soil Permeability Parameter:

‘The Soil Permeability Parametoer is the hydraulic loading rate based on soil permeabilily,
cvapotranspiration, and precipitation. The limiting paramcter is calculated by subtracting the precipitation
rate from the sum of the evapotranspiration rate and percolation rate. The resulting value indicates the
maximum rate at which water could be added to the use area without running offsite or ponding.

Soil borings were performed at Beach Front Park and reported by GeoDesign Ine. in a Deeember
2004 report titled “Report of Geotechnical Ingineering Services Crescent City Waste Water Treatment
Plant”. Based on the soils identified in the report you and [ agreed to the use of a soil percolation rate of
0.03 feet per day for design purposes which is relatively conscrvative when compared to percolation rates

identified in the basin plan.

The same percolation rate was used in all three scenarios covering drought, average, and 100-year
maximum precipitation years. See Table 3 in the Drought, Average, and 100-year preeipitation scenarios
for complete calculations and monthly data. In Table 3 water losses are reported as negative valucs and
water gains would be reported as positive values. Positive values would indicate ponding. In cach of the
three scenarios net losses were calculated indicating that no ponding would oceur. For convenience all
valucs are summarized in Table B as positive although there are net water losses in the use area.
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Table B: The Timiling Soil Percolation Design Paramcter:

Total Crop Total Total Annual Hydraulic
Evapotranspiration Percolation [Precipitation Loadimg Rate for 30 Acre
for the year tov the year  for theyear Use Arca
{in}) (in) (in) (miltlion Gallons per year)
Condition
Drought 1976 33 131 33 106
Average 33 131 71 76
100-year max 33 131 108 46
1907

MNitrogen Loading Parameter:

The hydraulic loading rate based on the Nitrogen Toading Parameier is controlled by two items.
First is protection of groundwater by limiting nitrogen concentrations in percolating water. The second
is the nitrogen uptake rate of the crop in the irrigated area.

The accepted nitrogen uptake ratc approved by you is 174 pounds per acre per year. Your
suggested equation was used to calculate the concentration of nitrogen in percolating water; see Table 5
of the attached document in the Drought, Average, and 100-year precipitation scenarios for complete
calculations. The caleulation of concentration in percolaling waler includes the following factors:
concentration of nitrogen in recycled water, the uptake rate of the crop, precipilation and
evapolranspiration rates, volatilization and denitrification, and recycled water application rale,

Two possible recycled water application rates were analyzed for each of the three precipitation
secharios. First recycled water is assumed to be applicd at the maximum percolation rate or the limiting
soil percolation design parameter, Secondly recycled water is assumed to be applicd at the limiting
irrigation design parameter. All of the input values were converled to SI units since that is the system of
units used in calculating the concentration in percolating water.

Recenl analysis of nitrogen in the filtrate/recycled water determined the concentration to be
7myg/T.. The low concentration of nitrogen is testament to the high level of treatment provided by the
treatment plant. Table C below summarizes application rates and resulting concentration of nitrogen in
percolating water,
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Table C: Caleulated Value of Nitrogen Concentration in Percolating Recycled Waler
Application Rate | Resulting | Application Rate | Resulting
Of Reeycled Water | Concentration of | Of Recycled Water | Concentration of
Based On [ Nitrogenin Based On Nitrogen in
Pereolation Limit | Percolating Water- | Trrigation Rate Percolating Water-
Condition (in/year) | Cp (mg/L) (in/year) Cp (mg/L)
Drought
1976 131 1.1 11.9 -56
Average 04 -(.9 8.7 -15.9
100-year
nax 1907 Ay -2.8 8.8 -8.5

Negative values for nitrogen shown in the above table should be interpreted as zero nitrogen in percolating water; negative
values indicate that all available nitrogen has all been consumed by the crop and that amendiments may be required for
effective crop growth.

Additional calculations were performed in order to determine a theoretical concentration of
nitrogen in recycled water that, when applicd to the use area, would not negatively allect groundwatcr.
The EPA has sct a maximum contamination level (MCL) for nitrogen in drinking water at 10 mg/L.. This
MCI. was assumed as the maximum concentration allowed in percolating water. Experimental
concentrations of nitrogen in recycled waler were entered into the suggested formula until the MCT, was
reached in percolating watcr. The results of this analysis are presented in the Table D) below,

Table D: Theoretical Maximum Concentration of Nitrogen in Recycled Waler

‘Application Rate Theoretical Application Rate | Theoretical
Of Reeycled Water | Maximum Of Reeyeled Water | Maximum
Based On : Concentrationin | Based On Concentration in
Pereolation limit | Recycled Water Irrigation Rate Recycled Water
Condition (in/year) (mg/L) (in/yvear) (mg/l.)
Drought
1976 131 15.8 | ) 74
Average 94 2.5 8.7 142
100-year
max 1907 7 36.7 8.8 182

Conclusions and Recommendations:

Comparing the irrigation design parameter to the percolation design parameter, it is clcar that in
drought, average, and 100 year precipitation conditions the irrigation rate is substantially lower than the
percolation limit. While the City will normally apply water at the irrigation or agronomic rate, the
analysis clearly shows that there is substantial hydraulic capacity in the use area. Since the limiting
condition is the percolation limit this should be selected as the upper limit for recycled water application
in any given year. The data suggests a limit of 106 million gallons per year.

The data sets show that when irrigating at agronomic rates, under all three precipitation
conditions, that all applied nitrogen is taken up by the crop. When considering the calculations for the
application of recycled water al the percolation limit, only during drought condition was there any

STOVER ENGINEERING
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calculated nitrogen in percolating water. 'I'he method used for caleulation of the concentration of
nitrogen in percolating water is conservative; both volatilization and denitrification were ignored
resulting in higher concentrations in percolating water than would be experienced in the natural
cnvironment. During drought conditions it is highly unlikely that the City would choose to apply water
to the use are at this advanced rate.

If the City did choose to imigate to the percolation Himit the calculations indicate that the
concentration of nitrogen in the percolating water would be approximately 1 mg/T., Since the MCL for
nitrogen in drinking waler is 10 mg/L there is very little risk of contaminating ground water with
nitrogen through this process. Additionally there are no potable water wells in the vicinity of the use
area. While the Basin Plan has listed drinking waler as a bencficial use of the underlying aquifer, the
City is not likely to tap this resource in the loreseeable future; the Cily uses only half of its allotted water
quantity [rom the Smith River.

Tooking at the additional analysis performed to develop a theoretical maximum allowable
concentration of nitrogen in recycled water that would keep the concentration in percolating water at or
below the MCL of 10 mg/l is instructive. Tables 10.1 through 10.6 in the attached document show the
caleulations for cach of (he three precipitation conditions and the two hydraulic conditions. The analysis
suggests that if agronomic rates are employed thaf the maximum allowable concentration of nitrogen in
recycled water should be limited to 74 mg/L; this is the most conservative value when irrigating at
agronomic rales. If applications arc made Lo the percolating rate then 15.8 mg/L could be selected. The
Recycled water policy states that the Water Board will “encourage the use of recyeled water, consistent
with state and federal water quality laws.” Since the caleulations suggest that 74 mg/1 if applicd at
agronomic rates would not violate the MCL, you will maximize your cncouragement of reeycled water
use by allowing 74 mg/l.

In summary of the conclusions and recommendations it is clear that application ol recycled water
to the proposed use area at Beach Front Park can be accomplished while meeting the crop’s agronomic
waler demand and proteeting both people and the environment, The City of Cresecent City should be
provided General Permit coverage for their proposed recycled water operations.

Very truly yours,

Sk "JF;E EMNGINELERING

(/ o=

Jomathan Olson, P.E.
Project Lngincer

QAQc |l th

Enclosure:
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Table 1 Evapotranspiration

Average

Evapotranspiration®
Month incheafmonth (infmo)
lanuary 0.93
February 1.40
March 2.48
April 3.30
May 4.03
Juno 4,50
July 4.65
August 4,03
September 3.30
October 2.48
MNovember 1,20
December 0.62
1- California Irrigation Management Information
System (CINMIS) (ETo) Zones
hitp:/ fwww.cimis.water.ca.gov/cimis/images/etomap.jpg

Tabla 3

Water/Nutrient Balance Repaort
Application to State Water Resources Gontrol Beard for
General Permit (WQO NQ. 2008-0006-DWQ
Table 2 Precipitation

Average 1976 Drought

Frecipitation” | Precipitation’

Ilanth {set 1) (infma) | (set 2} {in/ma)
January 10.90 456
|February 8.90 9.00
March 5.60 5.25
April 4.80 430
May 3.20 0.74
Iung 1.40 0.51
July 0.60 Q.57
August 0.70 3.22
September 1,70 0.35
October 5.40 1.06
Movomber 9.00 2.69
December 10.50 0.96

The second data set was used for
calculation purposes. The first data
set is included for reference

purposes.

2_Tabla 7 from 2005 Urban Water Management Plan Crescent Tity, Califarnia
hitp:/ ferew, crescenteity.org/Forms/PW/CC_UWMP2:202006 FINAL pdf

3- Average values from CRESCENT CITY 1 N, CALIFORMIA
hito:/www.wree.dri.edu/cgi-bin/cliMAIN. pl?ca2147

Water Balance Calculations.

Water Losses and Gains for the Use Area on a monthly basis with no jrrigation:

Hydraulic Loading Rate Based on Soil Permeability.

(inlyear)

Wonth

February

March

April

May

June

July

August

september

October

November

December

TOTAL

Precipitation(1-100) =Average Precipitation”
*peaking factar=(in/mo)

January

4.6

2.0

4.3

0.7

0.5

0.6

32

0.4

11

1.0

33

ET({1-100)=Historical={in/mo)

0.9

1.4

3.3

4.0

4.5

4.7

4.0

3.3

2.5

0.6

33

Infiltration= soil perc rate 0.03{ft/day) =
days/month x 12in/ft=(in/mo)

10.1

10.8

11.2

10.8

11.2

11.2

10.8

11.2

11.2

131

Hydraulic Loading Rate [Lw{p)]:
Met Loss(-) Gain{+) for use arez= Rainfall(1-
100)-ET(1-100)-Infiltration=(in/mo)

145

-14.8

-16.2

-12.0

-13.8

-12.8

-10.8

-131

There are no storage ponds used.

Peaking factor = see below
1

While there are calculated losses in February, March, April, October, and November, the City of Crescent City may choose not to irrigate in these months.

2.10.2011 Water Nutrient Balance.xlsDrought Precipitation
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Table 4

Water/Nutrient Balance Repont
Application to State Water Resources Control Board for
General Permit (WQO NO, 2008-0006-DWQ

Hydraulic Loading Rate Based On Irrigation Requirements:

Proposed Irrigation rates based on historical application:

Manth

January

February

March

April

May

Jung

July

August

September

October

Movember

December

TOTAL

Crescent City Wastewater Treatment plant
Average Historical Plant Flow Rate (MGD) *

241

21

2.3

1.8

1.3

1.1

1.2

1.1

1.1

1.1

1.4

1.9

1.5

Total/month= MGD* days in month = (MG)

63.6

57.4

71.0

54.0

4.5

33.8

36.4

34 9

33.3

34.1

41.3

58.1

558

Proposed Flow to Recycled Water Use Area
(irrigation requirement) (MG)

0.0

0.0

0.0

0.0

0.2

23

3.2

2.8

11

0.0

0.0

0.0

Proposed Flow to Ocean Outfall= Total per
month - total to Use area= (MG)

63.6

97.4

7.0

54.0

41.3

314

33.2

32.3

32.3

34.1

41.3

58.1

550

Evapotranspiration demand of crop (Eic)
(common grass) Per CIMIS Water use
calculations = Evapotranspiration x demand
factor(Ke)0.8 = (infma)

0.7

1.1

2.0

2.8

3.2

3.6

3.7

3.2

2.6

2.0

1.0

0.5

26

Precipitation (drought) =(in/mo)

4.6

8.0

53

4.3

0.7

0.5

0.6

3.2

0.4

1.1

2.7

1.0

33

Hydraulic Loading Rate Based on Irrigation
Requirements (Lw)= Evapotranspirative
demand of crop (IR) -Precipitation{drought) =
negative values indicate no Irrigation demand.
Positive values indicate need for
irrigation(in/ma)

-3.8

=7.8

-3.2

-17

2.5

3.1

az2

-0.5

0.0

23

0.9

11.9

There are no storage ponds used.
4. July 2010 Report of Waste Discharge for the

City of Crescent City --Average

s were taken for the submitted data.

Total annual irrigation reguirement = Sum of
individual months requiring irrigation * use area
* conversion factors from (infyear) to million
gallons per year

a7

MGY

Table §

Cp is Concentration of Nitrogen in Percolating
Water:

Assume no Volatilization or Nitrification Conservative approach:

Lw(n} = (Cp*(Pr-ET)+ U{10))/({1-T{Cn)-Cpi={cm/month)

Solve equation for Cp:
Convert all item to S units.

Concentration of
Nitrogen in Viltrate

(Cn) (me/)

Uptake
Rate U
(kg/ha-
year)

Lw(p)
(cmiyear)

Lw is sum
of positive
Lw values
from Table
4
{cmlyear)

Pr
{cm/year)

Et

{cmiyear)

Inputs

7.0

195

333

30

84

B4

Cp (Lw(Cn)-U*10)(Pr-ETLw)= (ma/1)

1.1

-56.3

Applying water to the max perc rate results in no nitrogen entering the groundwater

is the most accurate.

Applying water at agronomic rates results in all nitrogen in the recycled water being consumed by the crop.
The above calculations leads us to believe that the majority of nitrogen Is consumed by crops and that Scenario 2 Below

2.10.2011 Water Nutrient Balance.xIsDrought Precipitation
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Table 8.1

General Permit (WQOC NO. 2009-0006-DWQ

Water/Nutrient Balance Report
Application to State Water Resources Control Board for

Mutrient Balance:

Allowable Hydraulic Loading rate based on nitrogen limits (scenario 1),

Assume majority of nitrogen percolates into ground only 14% is consumed by grasses in use area: -

Month — |January February |March April May June July August September [October _[November |December |TOTAL

{Cp) Concentration of Total N (mg/L) in 8 5]
Percolating water 5 6 8 6 6 6 b 6 5 i - ? 5 ? 10 e
{Pr) Precipitation rate (infma) 46 8.0 B.3 4.3 0.7 0.5 0.6 32 . - :

: 2.4 B4.3

(Pr) Precipitation rate * 1cm/0.394 in= (cm/mo) 116 22.8 13.3 10.9 1.9 1.3 1.4 8.2 g .g g; ? 3 = =
(ET) Evapotranspiration rate (infma) 0.9 1.4 2.5 33 4.0 4.5 47 4.0 : - : :

{ET) Evapotranspiration rate * 1cm/0.394 in=

(cmimo) 2.4 36 6.3 8.4 102 11.4 11.8 10.2 8.4 6.3 3.0 1.6 83.6
(U} Nitrogen uptake rate= 174lbs/acre-year *

(specific growing month ET/ total growing

zeason ET which is May to September)= 0 174
lbs/acre-growing month 4] 0 0 0 34 38 39 34 28 0 0

(U} Nitrogen uptake rate= |bsfacre-month * 0 105
1kgi2.2ibs*2 47acres/hectare=(kg/ha-month) 1] 0 1] 0 38 43 44 38 31 0 0
(Cn) Concentration of Total N (mg/L) in Filtrate 5
I 7 7 7 7 7 7 7 7 7 7 7 g
(f) Fraction of applied nitrogen removed by 0 0 0 0
denitrification and volatilization (conservative) 0 0 0 0 0 0 0 a L
7

Lw{n)= (Cp*(Pr-ET)+ U{103)/({1-(Cn})- 5
Cp)=(cm/month) 553 115.7 42,2 15.2 332.8 366.8 379.7 3706 268.6 -2;; 2;; ;é 12230
Lwin) A 1in/2.5d4cm=(in/month} 21.8 45.6 16.6 8.0 131.0 144.4 149.5 1458 105.8 -8. . :
1. Average based on data since startup of Membrane Bio Reactor. Filtrate is the source of recycled water.
2. State Water Board Recommended calculation procedure-all values were converted to Sl for this calculation.
F
: I STOVER ENGINEERING
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Water/Mutrient Balance Report
Application to State Water Resources Ceantrol Board for
General Permit (WQOQ NO. 2009-0008-DWQ

Table 6.2
Allowable Hydraulic Loading rate based on nitrogen limits (scenario 2): o .
Assume all nitrogen is consumed by grasses in Use area; This is the maost restrictive and therefore the Controlling nitrogen load scenario.
Month January February [March April May June July August September [October _[November [Decembsr [TOTAL
{Cp) Concentration of Tatal N {(malL} in 0 0
Percolating water 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 g-g - 13-9 =
(Pr) Precipitation rate {in/mo) 12.8 10.9 9.9 5.9 3.8 1.8 0.8 0.7 s : : :
32.7 197
(Pr) Precipitation rate * 1cm/0.394 in= (cm/mo) 32.5 27.7 251 15.0 9.7 46 1.2 1.7 5 ; 1;-? 2:3 = 5
(ET) Evapotranspiration rate {(in/mo) 0.8 1.2 241 2.8 3.4 3.8 4.0 3.4 2 ; : :
(ET) Evapotranspiration rate * 1cm/0.394 in=
(cm/mo) 2.0 3.0 5.4 71 8.7 9.7 10.0 8.7 7.1 5.4 2.6 1.3 71
(U) Nitrogen uptake rate= 174lbs/acre-year *
(specific growing manth ET/ total growing
season ET which is May to September)= 0 174
Ibsfacre-growing month 0 0 0 0 34 38 39 34 28 g 0
(U} Nitrogen uptake rate= Ibs/acre-month * 0 195
1kg/2 2Ibs*2 4Tacres/hectare=(kg/ha-month) 0 0 0 0 38 43 44 38 X 0 a
(Cn) Concentration of Total N {ma/L} in Filtrate .
i 7 7 7 7 7 7 7 7 7 7 7 /
(f) Fraction of applied nitrogen removed by 0.0 )
denitrification and volatilization (conservative) 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 -
2,
Lw(n) = (Cp*(Pr-ET)}+ U(10))/((1-f(Cn)-
Cp)=(cm/month) 0.0 0.0 0.0 0.0 54.7 61.1 63.1 54,7 44.8 g .g g g g-g ﬂg
Lw(n) X Tin/2.54cm=(in/month] 0.0 0.0 0.0 0.0 215 24.0 248 21.5 17.6 E ; :
1. Average based on data since startup of Membrane Bio Reactor. Filtrate is the source of recycled water. .
2. State Water Board Recommended calculation procedure-all values were converted to S for this calculation.
) N STOVER ENGINEERING
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Table 7
Controlling Rates and allowable loading:

Water/Nutrient Balance Report
Application to State Water Resources Control Board for
General Parmit (WQO NC. 2002-0008-DWQ

Month January February [March April May Jung July August September |October Movember |December |[TOTAL (per year
Comparison of Lw(p), Lw, and Lw{n) ¢
Hydraulic Loading Rate Based on Soil

Permeability (-values indicate soil water loss)  |Lw{p) :
(infmonth) 75 25 8.4 9.8 ~145 148 15.2 -12.0 -13.8 128 93 il —
Hydraulic Loading Rate Based on lrrigation

Requirements Lw 2
(infmonth) -3.8 7.9 -3.3 -1.7 25 3.1 3.2 0.0 23 0.9 1.7 0.5 =
Allowable Annual Hydraulic Loading Rate

Based on Nitrogen Limits Lwi{n) L
(in/manth) 0.0 0.0 0.0 0.0 21.5 24.0 24.8 21.5 17.6 0.0 0.0 0.0 110
Lwip) is controlling factor for the "x" Months X X X X R X X X X X

Lw(n) is controlling factor for the "x" Months A 5

Allowable irrigation {infmonth) 0 2.5 8.4 9.8 14.5 14.8 15.2 12.0 13.8 12.6 9.3 0 113
Allowable irrigation = {in/month)/12= (fYmonth) 0.00 0.21 0.70 0.82 1.20 1.23 1.27 1,00 115 1.05 0.78 0.00 g
Allowable irrigation= fi/month *30 acres *

43560 ft'/acre= (ft’) o| 270072| 913671| 1087220| 1573605 1610631| 1659636) 1303533 1487375 1369962) 1013859 0 12279564
Allowsable irrigation= ft* *7.48110° = (MG/month) 0 2.02 6.83 7.98 11.77 12.05 12.41 9.75 11.20 10.25 7.58 0 92
[Allowable irrigation= gallons per monin / days

in the month ={gallonsiday) 0 72148 220460 266084 379696 401584 400454 314530 361302 330559 252789 0

2.10.2011 Water Nutrient Balance.xlsDrought Precipitation
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Table 1 Evapotranspiration

Average

Evapotranspiration®

Manth inches/manth {infmo)
January 0.93
February 1.40
March 2.48
April 3.30
May 4.03
lune 4.50
July 4,65
August 4.03
September 3.30
October 248
MNovember 1:20
December 0.62

System (CIMIS) (ETo) Zones

1- California Irrigation Management Information

http:/fwww . cimis.water.ca.gov/cimis/images/etoman.ipg

Table 3

Water/Nutrient Balance Report
Application to State Water Resources Control Board for
General Permit (WQO NO, 2009-0008-DWQ
Table 2 Precipitation

Average fwerago

Precipitation” | Precipitation’
Maonth {set 1) {infma) | [set 2} {infmo)
January 10.50 11.63
February 8.80 9.21
March 8.60 8.98
April 4.80 5.39
May 3.20 3.49
June 1,40 163
July 0.60 0.44
August 0.70 .61
September 1.70 1.84
Oetober 5.40 L
Movember 9.00 9.85
December 10.50 11.71

2- Tahle 2 from 2005 Urban Water Management Plan Crescent City, California
http:/ fwww.crescenteily.org/Forms/PW/CC_UWMP3:202006 FINAL. pdf

The second data set was used for

calculation purposes because it is

more conservative and is based on
100+ years of data.

3- Average values from CRESCENT CITY 1 N, CALIFORNIA

http://www.wree dri.edu/cgi-bin/cliMAIN pl?calld7

Water Balance Calculations.

Water Losses and Gains for the Use Area on a monthly basis with no irrigation;

Hydraulic Loading Rate Based on Soil Permeability.

{infyear)

Month

January

February

March

Agril

May

June

September

luly August

October

Mavember

December

TOTAL

*peaking factor={in/mo)

Precipitation(average) =Average F‘rra«ci}c:itath:m3

11.6

88

8.0

2.4

3.5

1.6

0.4 0.6 1.8

9.2

8.8

1.7

71

ET(1-100)=Historical={inima)}

0.8

1.4

2.5

3.3

4.0

4.5

4.7 4.0 3.3

2.5

1.2

0.6

33

Infiltration= =il perc rate 0.03({ft/day) =
days/manth * 12in/ft={in/mo)}

11.2

10.1

11.2

10.8

10.8

10.8

10.8

11.2

131

Hydraulic Loading Rate [Lw{p)]:

100)-ET{1-100}-Infiltration={in/mo)

Met Loss(-) Gain(+) for use area= Rainfall{1-

8.7

=117

-13.7

15.4 146 -12.3

There are no slorage ponds used.

Peaking factor = ses below
1

While there are calculated losses in February, March, April, October, and Movember, the City of Crescent City may choose not to Mgate in these months.

2.10.2011 Water Nutrient Balance. xlsAverage Precipitation
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Water/Nutrient Balance Report
Application to State Water Resources Control Board for
General Permit (WQQ NO. 2009-0006-DWQ

Table 4
Hydraulic Loading Rate Based On Irrigation Requirements: Proposed Irrigation rates based on historical application:
Month January ﬁebruar:,r March April May June July August September |October November |December [TOTAL
Crescent City Wastewater Treatment plant - - - i
Average Historical Plant Flow Rate (MGD) ey 2.1 23 1.8 1.3 1.1 12 1.1 1.; 34.1 41-3 58-1 s
Total/month= MGD” days in month = (MG) 63.6 57.4 71.0 54.0 1.5 338 364 34.9 33. ; : -
Proposed Flow to Recycled Water Use Area & 0.0 g
(irrigation requirement) (MG) 0.0 0.0 0.0 0.0 0.2 2.3 3.2 26 1.1 0.0 ‘ :
Proposed Flow to Ocean Outiall= Total per 550
month - total to Use area= (MG) 63.6 57.4 71.0 54.0 41.3 31.4 33.2 323 323 34.1 41.3 98.1
Evapotranspiration dermand of crop (Etc)
{common grass) Per CIMIS Water use
calculations = Evapotranspiration x demand 05 78
factor(Kc)= 0.8 = (in/mo) 0.7 1.1 2.0 28 32 36 37 3.2 ﬁg ig ;g —= =
Precipitation {(average) =(in/ma) 11.6 9.9 9.0 5.4 35 1.6 0.4 0.6 ; : :
Hydraulic Loading Rate Based on Irrigation
Requirements (Lw)= Evapotranspirative
demand of crop (IR) -Precipitation{1-100){Pr) =
negative values indicate no irrigation demand,
Positive values indicate need for
4 . -11.2 8.7
irrigation(in/mo) -10.9 8.8 7.0 2.8 0.3 2.0 3.3 2.6 0.8 3.2 8.9 11
There are no storage ponds used. .
4. July 2010 Report of Waste Discharge for the City of Crescent City --Averages were taken for the submitted data.
Total annual irrigation requirement = Sum of
individual months requiring irrigation * use area
* conversion factors from (infyear) to million
gallons per year 71 MGY
Tabla b
Cp is Concentration of Nitrogen in Percolating
Water: Assume no Vaolitilization or Nitrification Conservative approach:
Lw(n) = (Cp*(Pr-ET)+ U10)({1-{Cn)-Cp)=(cmimonth)
Lw is sum
; Concentration of of positive
Solve equation for Cp . iz
Caonvert all item to Si units. Miteogen i Filiat] Uptate Lw values
(Cn) (mg/l)  |Rate U from Table
(ka/ha- Lwip) 4 Pr Et
year) (cmiyear) |(cmiyear) |{cmiyear) |(cmiyear)
Inputs 7.0 195 238 22 180 84
Cp= (Lw(Cn)-U* 10)(Pr-ET Lw)= (mg/h) 0.9 -15.2

Applying water to the max perc rate results in no hitrogen entering the groundwater

Applying water at agronomic rates results in all nitrogen in the recycled water being consumed by the crop.

accurate.

The above calculations leads us to believe that all nitrogen is consumed by crops and that Senario 2 Below is the most

2.10.2011 Water Nutrient Balance.xlsAverage Precipitation
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Table 6.1

Water/Nutrient Balance Report
Application to State Water Resources Control Board for
General Permit (WQO NO. 2009-0008-DWQ

Nutrient Balance.

Allowable Hydraulic Loading rate based on nitrogen limits (scenario 1).

Assume maijority of nitrogen percolates into ground only 14% is consumed by grasses in use area: TAL

ko jority gen p g Janua:;f T e Ao Wiay T Tuly August Seplember |October _[November |December TO

(Cp) Concentration of Total N (ma/L) in 6 5 g 6 6 6 6
Percolating water B 6 6 6 6 8 o == = £5 59 7 71
{Pr) Precipitation rate (in/mo) 116 9.9 9.0 5.4 35 1.6 ; . -

4.7 13.3 25.0 29.7 179.5

(Pr) Precipitation rate * 1cm/0.394 in= (cm/mo) 29.5 25.2 22.8 13.7 8.9 4.1 1; lg 33 °5 12 0.6 33
(ET) Evapotranspiration rate {in/mao} 0.9 1.4 25 3.3 4.0 4.5 . -

ET) Evapotranspiration rate * 1cm/0.384 in= 1.6 836
Ecwj‘mo} " i 2.4 36 6.3 8.4 10.2 11.4 11.8 10.2 8.4 6.3 3.0

(U} Nitrogen uptake rate= 174lbs/acre-year *

(specific growing month ET/ total growing

season ET which is May to September)= 28 0 0 0 174
Ibs/acre-growing month 0 0 0 0 34 38 39 34

(U) Mitrogen uptake rate= |bsfacre-month * 31 0 o 0 185
1kal2 2Ibs*2.47acres/hectare=(kg/ha-month) 0 0 0 0 38 43 44 38

(Cn) Concentration of Total N (mg/L) in Filtrate 3 7 7
1 7 - yd 7 7 T 7 7 7 7
(f) Fraction of applied nitrogen removed by 5 a 0 0 0 0 0
denitrification and volatilization (conservative) 0 0 0 0 0 g
2z

Lw(n)= (Cp*(Pr-ET)+ U(10))/({1-H(Cn)- ; 168.9 2524 3
O T T e B 7 N L
Lwin} X 1in/2.54cm={in/month) 64.2 51.0 38.0 12.5 147.5 151.1 148.7 . : :

1. Average based on data since startup of Membrane Bio Reactor. Filtrate is the source of recycled water.
2. State Water Board Recommended calculation procedure-all values were converted to Sl for this calculation.

2.10.2011 Water Nutrient Balance.xIsAverage Precipitation
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Table 5.2

Water/Nutrient Balance Report
Application to State Water Resources Control Board for
General Permit (WQO NO, 2009-00068-DWQ

Allowable Hydraulic Loading rate based on nitrogen limits (scenario 2):

Assume all nitrogen is consumed by grasses in use area; This is the most restrictive and therefore the Controlling nitrogen load scenario.

Month January February  |March April May June July August September |October  |November |December [TOTAL

(Cp) Concentration of Total N {mg/L) in

Percolating water 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
(Pr} Precipitation rate (in/ma) 12.8 10.9 99 5.0 3.8 18 0.5 0.7 2.0 5.8 10.8 12.9 78
(Pr) Precipitation rate * 1cm/0.394 in= (cm/mo) 32.5 277 25.1 15.0 9.7 46 1.2 1.7 5.1 14.6 27.5 32.7 197
(ET) Evapotranspiration rate (in/mo) 0.8 1.2 2.1 28 3.4 38 4.0 a4 28 21 1.0 0.5 28
{ET) Evapotranspiration rate * 1em/0,394 in=

(emimo) 2.0 3.0 5.4 7.1 87 9.7 10.0 8.7 7 5.4 286 1.3 [l
(U) Nitrogen uptake rate= 174Ibsfacre-year *

{specific growing month ET/ total growing

season ET which is May to September)=

Ibs/acre-growing month 1] 0 0 0 34 38 39 34 28 0 0 0 174
(U} Nitrogen uptake rate= |bs/acre-month *
| 1kg/2.2Ibs*2.47 acreslhectare={kg/ha-month) i} 0 0 0 38 43 44 38 H 0 0 0 185
{Cn) Concentration of Total N (mg/L) in Filtrate

: 7 7 7 7 7 7 7 7 7 7 7 7 £
{f) Fraction of applied nitrogen removed by

denitrification and volatilization (conservative) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
2

Lw(n) = (Cp*(Pr-ET)+ U{(10))/({1-A(Cn)-

Cp)=(cm/month) 0.0 0.0 0.0 0.0 54.7 61.1 63.1 54.7 44.8 0.0 0.0 0.0 278
Lw(n} X Tin/2.54cm=(in/month) 0.0 0.0 0.0 0.0 21.5 240 248 215 176 0.0 0.0 0.0 110
1. Average based on data since startup of Membrane Bio Reactor. Filtrate is the source of recycled water.
2. State Water Board Recommended calculation procedure-all values were converted fo Sl for this calculation.

2.10.2011 Water Nutrient Balance.xlsAverage Precipitation
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Water/Nutrient Balance Report
Application to State Water Resources Control Board for
General Permit (WQO NO. 2009-0006-DWQ

Table 7
Controling Rates and allowable loading:
Month 4 . January February |March April May June July August September |October MNovember |December |TOTAL (per ‘_n.rearﬂ
Comparison of Lw{p), Lw, and Lw(n)
Hydraulic Loading Rate Based on Sall 0
Permeability (-values indicate soil water loss)  |Lw(p) -
{in/manth) -0.5 -1.6 -4.7 -8.7 -11.7 -13.7 -16.4 -14.6 -12.3 -B.4 -22 0.1 -84
Hydraulic Loading Rate Based on Irrigation 0
Requirements Lw 5
(in/manth) -10.9 8.8 -7.0 -2.8 0.3 2.0 3.3 2.8 0.8 3.2 -8.9 -11.2 44
Allowable Annual Hydraulic Loading Rate 0
Based on Nitragen Limits Lw(n} 10
{infmonth) 0.0 0.0 0.0 0.0 21.5 24.0 24.8 215 17.6 > 0.0 > 0.0 0.0 1
Lw(p) is controlling factor for the "x" Months X X % X X X X X =
Lwi(n) is controlling factor for the "x" Months X g o3
Allowable irrigation (in/month) 0 16 4.7 B.7 11.7 13.7 15.4 14.6 12.3 8.4 22
0.00 g

Allowable irrigation = (in/month)/12= (fmonth) 0.00 0.13 0.39 0.73 0.98 1.14 1.28 1.22 1.02 0.70 0.18
Allowable irrigation= ftfmonth *30 acres * 5 10136412
43560 ft*/acre= (it’) ol  170073|  s07474| o4ssi9| 1274130] 1488663| 1673793 1587762| 1335114] 915849 234135

: 0 76
Allowable irrigation= ft’ *7.48/10° = (MG/month) 0 1.28 3.80 7.09 953 11.14 12.52 11.88 9,99 6.85 1.75
Allowable rrigation= gallons per month / days
in the month =(galions/day) 0 45674 122448 236497 307435|  371173| 403870 383112|  322150| 220986 58378 0

2.10.2011 Water Nutrient Balance.xIsAverage Precipitation
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Table 1 Evapolranspiration

Average

Evapotranspiration’
Month inches/maonth {Infma)
lanuary 0.93
February 140
harch 248
April 3.30
My 4.03
June 4,50
July 465
MAugust 4,03
September 3.30
October 2,48
MNovember 1.20
December 0.62
1- California Irrigation Management Information
System (CIMIS) [ETo) Zones
hitp:/fwwer.cimis.water.ca.gov/cimis/images/etomap.ipg

Table 3

WaterfMutrient Balance Report
Application to State Water Resources Control Board for
General Permit (WQO NO. 2008-0008-DWQ
Tahle 2 Precipitation

Ayorage 100-year
Precipitation’ | Precipitation’
Manth {set 1) (infmo) | (set 2] (in/mo)
lanuary 10.90 7.62
February 3.90 24.84
March 8.60 29,84
April 4,80 6.89
May 3.20 1.36
June 1.40 1.21
July 0.60 1.94
August 0.70 0.00
September 1.70 2.48
October 5.40 6.99
Movember 9.00 B.46
December 10.50 15.39

The second data set was used for
calculation purposes. The first data
set is included for reference
purposes.

2- Table 2 from 2005 Urban Water Management Plan Crescent City, California
htto/ ferwwe crescenteily. org/Forms/PW/CC UWMP%202006 FINAL pdf

3- Average values from CRESCENT CITY 1 M, CALIFORMIA

hitp:/ fwww wrec.drledu/cgl-bin/cliMAIN. pl?ca2147

Water Balance Calculations:

Water Losses and Gains for the Use Area on a monthly basis with no irrgation: Hydraulic Loading Rate Based on Soil Permeability. (infyear)
Month January February March April My lune July August September |October Movember |December [TOTAL
Precipitation(1-100) =Average Pr‘ecipita!ioni

*peaking factor=(in/mo) 7.6 24.8 29.8 8.9 20 1.2 1.8 0.0 2.5 7.0 8.5 15.4 108
ET{1-100)=Histarical=(infmao) 0.9 1.4 2.5 3.3 4.0 4.5 4.7 4.0 3.3 25 1.2 0.6 33
Infiltration= sail perc rate 0.03(fday)

|days/imonth x 12infft=(in/mo) 11.2 10.1 11.2 10.8 11.2 10.8 11.2 112 10.8 1.2 10.8 112 131
Hydraulic Loading Rate [Lw{p)]:

Met Loss(-) Gain(+) for use area= Rainfall{1-

100)-ET(1-100)-Infiltration=(in/ma) -4.5 13.4 16.2 -7.2 -13.2 -14.1 -13.9 -15.2 -11.6 6.7 -3.5 36 -57

I here are no storage ponds used.

Peaking factor = see below
1

VWhile there are calculated losses in February, March, April, October, and November, the City of Crescent City may choose not to irrigate in these months.

2.10.2011 Water Nutrient Balance.xls100 year Precipitation
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Table 4

Water/Nutrient Balance Report
Application to State Water Resources Control Board far
General Permit (WQO0 NO. 2009-0006-DWQ

Hydraulic Loading Rate Based On Irrigation Reguirements:

Proposed Irrigation rates based on historical application:

Maonth

January

February

March

April

May

June July

August

September

October

November

December

TOTAL

Crescent City Wastewater Treatment plant
Average Historical Plant Flow Rate (MGD) e

2.1

21

23

1.8

1.3

1.1

1.2

14

1.1

1.1

1.4

1.8

1.5

Totalfmonth= MGD* days in month = (MG)

63.6

574

71.0

54.0

41.5

33.8

364

34.9

33.3

34.1

41.3

581

559

Proposed Flow to Recycled Water Use Area
{irrigation requirement) (MG)

0.0

0.0

0.0

0.0

0.2

23

3.2

26

1.1

0.0

0.0

0.0

Proposed Flow to Ocean Outfall= Total per
month - total to Use arsa= (MG)

63.6

374

71.0

54.0

41.3

31.4

332

32.3

32.3

34.1

41.3

58.1

550

Evapotranspiration demand of crop (Etc)
{common grass) Per CIMIS Water use
calculations = Evapotranspiration x demand
factor{Kc)= 0.8 = (infmo)

0.7

1.1

2.0

28

3.2

3.6

3.7

3.2

2.6

2.0

1.0

0.5

26

Precipitation (1-100) =(in/ma)

7.6

24.8

29,8

6.9

2.0

1.2

198

0.0

2.5

70

8.5

15.4

108

Hydraulic Loading Rate Based on Irrigation
Requirements (Lw)= Evapotranspirative
demand of crop (IR) -Precipitation(1-100)(Pr) =
negative values ndicate no irrigation demand.
Positive values indicate need for
irrigation{infme)

5.9

-23.7

-27.9

=4.3

1.3

2.4

1.8

3.2

0.2

-14.9

8.8

There are no storage ponds used.

4. July 2010 Report of \Waste Discharge for the City of Crescent City --Averages were taken for the submitted data.

[Total annual irrigation requirement = Sum of
individual months requiring irrigation * use area
* conversion factors from (infyear) to million
gallons per year

7.2

MGY

lable 5

Cp is Concentration of Mitrogen in Percolating
Water.

Assume no Volitilization or Nitrification Conservative approach:

Lw(n) = (Cp*{Pr-ET}+ U{101)(1-0(Cn)-Cp)=(cm/month)

Solve equation for Cp:
Convert all item to SI units.

Concentration of
Nitrogen in Filtrate

(Cn) (mg/l)

Uptake
Rata U
(kg/ha-
yedr)

Lw(p)

(cmiyear)

Lw is sum
of positive
Lw values
from Table
4
{cmiyear)

Pr
(cm/year)

Et
(cmiyear)

Inputs

7.0

165

144

22

273

B4

Cp= (Lw(Cn)-U*10)/(Pr-ET | Lw)= (mg/])

=2,

G

-8.5

Applying water to the max perc rate results in no nitrogen entering the groundwater

Applying water at agronomic rates results in all nitrogen in the recycled water being consumed by the crop.

accurate.

The above calculations leads us to believe that all nitrogen Is consumed by crops and that Senario 2 Below is the most

2.10.2011 Water Nutrient Balance.xIs100 year Precipitation
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General Permit (WQO NO. 2009-0006-DWQ

Water/Nutrient Balance Report
Application to State Water Resources Control Beoard for

Table 6.1
Mutrient Balance:
Allowable Hydraulic Loading rate based on nitragen limits (scenario 1)
Assume majority of nitrogen percolates into ground only 14% is consumed by grasses in use area: =5TAL
Month : - January February |March April May June July August September [October _ [November [December 1T
(Cp} Goncentration of Total N {mg/L} in 6 6 6 & & 6
Percolating water 6 ] 5 G 6 8 L, 00 25 7.0 8.5 15.4 108
(Pr) Precipitation rate (in/fmo) 7.8 24.8 29.8 6.9 2.0 1.2 13 ; . :
T 21.5 391 2731
(Pr) Precipitation rate * 1cm/0.384 in= (cm/mo) 19.3 63.0 75.7 17.5 5.0 3.1 449 i.g gg — L o =
{ET) Evapotranspiration rate {infmo) 0.9 1.4 2.5 3.3 4.0 4.5 4.7 ; :
(ET) Evapotranspiration rate * 1cm/0.394 in= : 83.6
{cm/ma) 24 3.6 63 8.4 10.2 114 11.8 10.2 8.4 6.3 3.0 1.6
(U} Nitrogen uptake rate= 174lbs/acre-year *
(specific growing month ET/ total growing
season ET which is May to September)= 0 0 0 174
Ibs/acre-growing month 0 0 0 0 34 38 39 34 28
(U) Nitrogen uptake rate= |bs/acre-month * 0 0 0 195
1kg/2 2Ibs*2 47acres/hectare=(kg/ha-month) 0 0 0 0 38 43 44 as 31
(Cn) Concentration of Total N (mg/L) in Filtrate : 2 =
i i 7 7 7 7 7 7 7 7 7
(f) Fraction of applied nitrogen removed by " 0 o 0 4] 0
rdenitriﬁcation and volatilization (conservative) 0 0 0 0 g 0 0
2
Lwin) = (Cp*(Pr-ET)+ U10)W((1-H{Cn)- 249 I086.4
Cp)={cm/manth) 101.9 357.0 416.6 54.7 351.4 3775 400.6 321,2 13:181; éﬁ?ﬁ-{?} 1:;-2 2&5_5 e
Lw(n) X 1in/2.54cm=(in/month) 40.1 140.5 184.0 21.5 138.3 148.6 157.7 126. : :
1. Average based on data since startup of Membrane Bio Reactor. Filtrate is the source of recycled water.
2. State Water Board Recommended calculation procedure-all values were converted to S| for this calculation.
STOVER ENGINEERING
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Table 6.2

Water/Mutrient Balance Report
Application to State Water Resources Control Board for
General Permit (WQ0O NO. 2008-0008-DWQ

Allowable Hydraulic Loading rate based on nitrogen limits (scenario 2):

Assume all nitrogen is consumed by grasses in use area; This is the most restrictive and therefore the Controlling nitrogen load scenario.

Month January February |March Agpril May June July Aligust Seplember |Oclober Movember |December [TOTAL

(Cp) Concentration of Total N {mg/L) in

Percolating water 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
(Pr) Precipitation rate (in/mo) 12.8 10.9 9.9 5.9 a8 1.8 0.5 0.7 20 5.8 10,8 12.9 78
(Pr) Precipitation rate * 1cm/0.394 in= {cm/mao) 32.5 217 25.1 15.0 8.7 4.6 1.2 1.7 5.1 14.6 27.5 32.7 197
(ET) Evapotranspiration rate {infmo) 0.8 1.2 2.1 2.8 34 3.8 4.0 3.4 2.8 2.1 1.0 0.5 28
(ET) Evapotranspiration rate * 1cm/0.394 in=

{emimo} 20 3.0 5.4 7.1 8.7 a7 10.0 a.7 71 5.4 26 1.3 71
(U} Nitrogen uptake rate= 174lbsfacre-year *

(specific growing month ET/ total growing

season ET which is May to September)=

|lbs/acre-growing month 0 0 0 0 34 38 39 34 28 0 0 0 174
(U} Nitrogen uptake rate= Ibs/acre-menth *

1kgf2 2lbs*2 47 acres/hectare={kg/ha-meonth) 0 0 0 4] 38 43 44 38 31 0 ¥] 0 195
(Cn) Concentration of Total N (mg/L) in Filtrate

: L L / 7 7 7 7 7 7 7 7 7 7
(f) Fraction of applied nitrogen removed by

denitrification and volatilization (conservative) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
sz{nj = (Cp*(Pr-ET}= U{10)W((1-F)(Cn)-

Cp)=(cm/month} 0.0 0.0 0.0 0.0 54.7 61.1 63.1 54.7 44.8 0.0 0.0 0.0 278
Lw{n) X Tin/2.54cm=(in/month) 0.0 0.0 0.0 0.0 21.5 24.0 24.8 215 176 0.0 0.0 0.0 110
1. Average based on data since starlup of Membrarne Bio Reactor. Filtrate is the source of recycled water.

2. State Water Board Recommended calculation procedure-all values were converted to Sl for this calculation,

2.10.2011 Water Nutrient Balance.xls100 year Precipitation 14 STOVER ENGINEERING



Water/Mutrient Balance Report
Application to State Water Resources Control Board for
General Permit (WQO NO, 2009-0008-DWC

Table 7

Controling Rates and allowable loading:

Month January February  |March Anril Way June July August September |October Movember |December [TOTAL (paryear)
Comparison of Lw{p), Lw, and Lw{n) 0
Hydraulic Loading Rate Based on Soil

Permeability {-values indicate soil water loss)  [Lw(p) 0
(infmonth) -4 5 13.4 16.2 -7.2 -13.2 -14.1 -13.9 -15.2 -11.6 5.7 -3.6 3.6 -7
Hydraulic Loading Rate Based on Irrigation

Requirements Lw 0
{in/month) 6.9 -23.7 =278 -4.3 1.3 24 1.8 3.2 0.2 -5.0 -1.9 -14.8 -81
Allowable Annual Hydraulic Loading Rate

Based on Nitrogen Limits Lwin) g
{in/month) 0.0 0.0 0.0 0.0 215 24.0 24.8 215 17.6 0.0 0.0 0.0 110
Lwip) is controlling factor for the "x" Months X A A X X b A A X Pl

Lw(n) is controlling factor for the "x" Months X X

Allowable irrigation (in/month) 0 -13.4 -16.2 7.2 13.2 14.1 13.9 15.2 11.6 6.7 a5 0 56
Allowable irrigation = (in/month)/12= {ft/month) 0.00 -1.11 -1.35 0.60 1.10 1.47 1.16 1.27 0.87 0.55 0.30 0.00 [
Allowable irrigation= ftYmonth *30 acres *

43560 ft'/acre= (it)) 0| -1454804| -1764180 785160 1440747 1534401 1510443 1654191 1265418 724185 385508 0 6080976
Allowable irrigation= ft* *7.48/10° = {(MG/month) 0 -10.88 -13.20 5.87 10.78 11.48 11.30 12.37 9.47 5.42 2.88 0 45
Allowable Irgation= gallons per monin | days

in the month =(gallons/day) 0| -388667| -425680| 195769 347638 382577| 364455 399140  305333| 174739 96119 0

2.10.2011 Water Nutrient Balance.xIs100 year Precipitation 15 STOVER ENGINEERING



Theoretical Maximum concentration of nitrogen in recycled water

Table 10.1 Theoretical allowable Concentration Drought Condition and percolation limit

[Cp is Concentration of Nitrogen in Percolating
Water

Assume no Volatilization or Nitrification Conservative approach:

Lwin) = (Cp{Pr-ET)+ U103/((1-f{Cn)-Cpl=(cm/month}

; Uptake
Solve equation for Cp: N_'?t?"cenn.'at;f?ﬁ: Rate U
Convert all item to SI units. e |(kg/ha-  Lwip) Pr Et
(Cn) (ng) year) {cmiyear) |{emiyear) |(cm/year)
Inputs 15.8 185 333 a4 &84
Cp= {Lw{Cn}U* 1A Pr-ET+Lw)= {mzl) &9

Table 10.2 Theoretical allowable Concentration

Drought Condition and irrigation limit

Cp is Concentration of Nitrogen in Percolating
VWater:

Assume no Volatilization or Nitrification Conservative approach:

Lw{n) = (Cp (Pr-ET )+ U(101)/({1-1(Cn)-Cp)=(cm/monih)

Concentration of Uptake
Seolve equation for Cp: Nitrogen in Filtr Rate U
Convert all item to S units. ] DEEH S0 -'II b {ka/ha- Ly Pr Et
(Cn) (mgD) year) (cmiyear) |{cmiyear) |{cmiyear)
Inputs 74.5 165 30 84 84
Cp= {Lw{Cr)-U* 1 Pr-ET-Lw)= {m ;.-;'l} 10.0

Table 10.3 Theoretical allowable Concentration average Condition and percolation limit

Cp is Concentratian of Nitrogen in E'erco[ating
Water;

Assume no Volatilization or Nitrification Conservative approach:

Lw(n) = {Cp*(Pr-ET)+ U100 (1-1(Cn)-Cpi={cm/month)

: Concentration of Uptake
Solve equation for Cp: Ni 0 Filtra Rate U
Convert all item to S units. frogen in FUAIS| e omha- [Lwip) Pr Et
(Cn) {mg/1) year) {cmiyear) |{emifyear) |(cmiyear)
Inputs 2225 195 239 180 84
Cp= (Lw(Cn)-U*10}(Pr-ET+Lw)= (mg/1) 10.0
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Theoretical Maximum concentration of nitrogen in recycled water

Tahle 10.4 Theoretical allowable Concentration average Condition and in‘igatir::-n limit

Cp is Concentration of Nitrogen in Percolating
Water:

Assume no Volatilization or Nitrification Conservative approach;

Lwin) = (Cp*{Pr-ET)+ U(10%)/({1-F{Cn}-Cp)=(cmimanth)

; Uptake
C trat I
Solve equation for Cp: \:i;:::; i: ;-‘T]::rzte it
Convert all item to S units. = gn} ey |leha |Lw Pr Et
(mg/ year) {cmiyear) |[(cm/year) |(cm/year)
Inputs 42.0 195 22 180 84
Cp= (Lw(Cn)-U* 10V (Pr-ET+Lw'= {1 10.0

Table 10.5 Theoretical allowable Concentration 100 year Condition and percolation limit

[Cp is Concentration of Nitrogen In Percolating
\iater:

Assume no Volatilization or Nitrification Conservative approach:

Lw{n) = (Cp(Pr-ET)+ U{10)){(1-hiCn)-Cp=(cmimonth}

Concentration af Uptake
Soclve equation for Cpt I Rate U
Convert all item to S units. {En) el {(kg/ha- Lw(p) Pr Et
= year) {cmiyear) |(cmiyear}) |(cmiyear)
Inputs 36.7 1495 145 274 a4
Cp= (Lw{Cn}-U* LA Pr-ET+Lw)= (mg/1) 10.0

Table 10.6 Theoretical allowable Concentration 100 year Condition and irrigation limit

Cp is Concentration of Nitrogen in Percolating
Water:

Assume no Velatilization or Nitrification Canservative approach:

Lw(n) = (Cp*(Pr-ET)+ U10)((1-F{Cn}-Cpj={cm/month)

Concentration of pasic
Solve equation for Cp: Nitroeen in Filtrats Rate U
Convert all item to 31 units. ’ {En} (me) (kg/ha- L Pr Et
' & year) (cmivear) |{cmifyear)  |{cmiyvear)
Inputs 182.0 145 22 274 84
Cp= (Lw(Cn-U* 103/ (Fr-ET—Lw)= {rmg/l) 10.0
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